Introduction
Lymphocytic interstitial pneumonia (LIP) is an uncommon lymphoproliferative disease of the lung. It is characterized by a dense interstitial infiltrate of lymphocytes, plasma cells, and some histiocytes [1] . Typical symptoms include progressive dyspnea, cough, and fatigue [2] . A plain chest radiograph frequently shows non-specific bibasilar reticulonodular infiltrates, whereas high-resolution computed tomography (CT) may reveal bilateral diffuse ground-glass opacities, centrilobular nodules, thickened septal lines, and scattered cystic lesions. Radiographic features of pulmonary hypertension and honeycombing are late-stage manifestations [3, 4] .
LIP is often associated with autoimmune diseases such as primary Sjögren's syndrome, rheumatoid arthritis, and systemic lupus erythematosus. To the best of our knowledge, LIP as the predominant pulmonary manifestation of mixed connective tissue disease (MCTD) has not been reported before. In this case report, we describe a patient with longstanding MCTD who developed LIP years after the initial manifestation of her connective tissue disease.
Case report
The patient was a forty-six-year-old non-smoking female. She was diagnosed with MCTD in 1998 based on the manifestations including tissue-proven scleroderma, myositis, Raynaud's phenomenon, sclerodactyly, and positive anti-U1 RNP antibodies. Later in 2005, she was found to have secondary Sjögren's syndrome presenting with sicca symptoms and a positive Schirmer test. A chest radiograph taken in 2008 was unremarkable (Fig. 1A) . Over the next few years, she slowly but progressively developed increasing intolerance of exercise such that she experienced dyspnea when hurrying on level ground or walking up a slight hill. At the end of 2015, she was hospitalized for the treatment of pneumonia involving her left lower lung. The chest radiograph taken at that time showed, in addition to her left-lower-lobe consolidation, bilaterally diffuse linear and reticular infiltrations interspersed with finely-cystic lesions (Fig. 1B) . The microbial culture of her sputum yielded Chryseobacterium gleum. Her acute symptoms of fever and cough soon subsided following treatment with combined ampicillin and sulbactam. However, her exertional dyspnea persisted. A follow-up chest radiography approximately one month later revealed significant resolution of the left-lower-lobe consolidation, but persistent cystic lesions and reticular infiltrates in the rest of her bilateral lung parenchyma (Fig. 1C) . Subsequent comprehensive evaluations, including a repeated check of her autoantibodies, did not reveal evidence of macrocytic anemia, hypothyroidism, or a different autoimmune disease ( multiple centrilobular nodules, and discrete thin-walled cysts that were particularly predominant in her bilateral middle-to-lower lung fields ( Fig. 2A-D) . Her pulmonary function test reported a moderate degree of an obstructive ventilatory defect and severely impaired diffusion capacity (her forced expiratory volume in one second and diffusion capacity for carbon monoxide were 43% and 26% of the predicted values, respectively, Table 2 ).
A video-assisted thoracoscopic biopsy of the patient's right-middlelobe lung (sampling a wedge-shaped piece of parenchyma measuring 6 × 4 × 0.8 cm) was then performed. During the operation, multiple cystic and nodular lesions were observed on the surface of her right lung under thoracoscopy (Fig. 3) .
The most prominent histologic findings of the biopsied lung specimen were multiple foci of dense infiltration of many small to mediumsized lymphoid cells admixed with plasma cells and histiocytes ( Fig. 4A and B). These infiltrating lymphoid cells were immunohistochemically negative for CD5, CD10 and bcl-2. They formed follicles in the interstitium both adjacent to and distant from the bronchioles, which were mainly composed of CD20-positive B cells forming germinal centers and CD3-positive T cells at the periphery (Fig. 4C and D) . The multiplex polymerase chain reaction (PCR) with heteroduplex analysis revealed the polyclonality of these lymphoid cells (Supplementary Fig. 1 ). Microbial cultures of the biopsied lung did not yield the growth of any bacteria, mycobacteria, or fungus. No coexisting feature of non-specific interstitial pneumonia (NSIP) was found (Fig. 4E ). Localized fibrinoid vasculitis was discerned but only in one small focus (Fig. 4F) . The diagnosis of lymphocytic interstitial pneumonia was made based on a summation of her clinical, radiographic, and pathological manifestations.
Following the diagnosis, we treated the patient with systemic corticosteroid starting with a dose of 40 mg of methylprednisolone per day that was gradually tapered to a daily maintenance dose of 10 mg of prednisolone. Serial pulmonary function tests between December 2015 and July 2017 showed an initial increase in all her spirometric parameters, which was followed by a relative stable trend (Table 2) . A follow-up CT of the chest about seven months later showed no interval change in the reticular and cystic lesions (Fig. 2E-H ).
Discussion
LIP was first described by Liebow and Carrington in 1969 [5] . In contrast to lymphoma, it is generally considered a benign pulmonary lymphoproliferative disorder with dense interstitial infiltration of polyclonal B and T cells [6] . The definite diagnosis of LIP is generally made based on histopathological findings. The radiographic and histologic features of this patient were compatible with those described for LIP. Polyclonality of the infiltrating lymphoid cells was confirmed by a multiplex PCR with heteroduplex analysis [7, 8] . Fibrinoid vasculitis was also observed in a small and localized focus, which was not a dominant histologic pattern and was likely associated with the presence of her high-titer anti-SS-A (anti-Ro) autoantibody [9] . The fibrinoid material stained negative by Congo red. The association between LIP and various autoimmune diseases such as Sjögren's syndrome [10] , systemic lupus erythematosus [11] , rheumatoid arthritis, Hashimoto's disease, primary biliary cirrhosis [12] , pernicious anemia [13] , and chronic active hepatitis [14] has been repeatedly reported. Apart from this patient's MCTD, we did not identify other autoimmune diseases possibly associated with LIP.
Nevertheless, we did not check the serology for human immunodeficiency virus and Ebstein Barr virus due to the absence of compatible clinical features and a negative history for high-risk behavior.
MCTD is a systemic autoimmune disease [15, 16] with a plethora of clinical presentations including Raynaud's phenomenon, polyarthritis, sclerodactyly, esophageal dysmotility, renal disease, and inflammatory myositis. Anti-U1 RNP antibodies are highly correlated with MCTD [17, 18] . The clinical features of our patient met Alarcón-Segovia's and Kahn's criteria [19] , and her diagnosis of MCTD was therefore solid.
Common CT findings of pulmonary involvement by MCTD include ground glass attenuation, subpleural micronodules, interlobular septal thickening, and fibrosis [20] . Most commonly, the radiographic and histopathological findings of MCTD-associated interstitial lung disease are those of nonspecific interstitial pneumonia (NSIP) [21, 22] . Shahoub et al. reported a patient with MCTD who had interstitial lung disease that manifested radiographically as lower-lobe predominant groundglass opacities and pathologically as a mixed pattern of NSIP and LIP [23] . In contrast, the radiographic features of our patient (particularly the presence of centrilobular nodules and discrete cysts) were compatible with those of LIP rather than NSIP, which was supported by the histologic findings from a sufficiently large piece of biopsied lung parenchyma in which no concurrent features of NSIP was observed.
One unusual presentation in our patient was the obstructive ventilatory defect that was repeatedly revealed by serial pulmonary function tests (Table 2 ) and that differed from the typical restrictive defect as reported previously [2, 24] . The patient had no clinical, radiographic, or histological evidence of asthma or other obstructive lung diseases such as emphysema, chronic bronchitis or bronchiolitis, bronchiectasis, bronchiolitis obliterans, cystic fibrosis, or respiratory bronchiolitis-interstitial lung disease. A possible explanation for this feature is the increase in the airway resistance that was caused by the lymphoid follicles formed by the densely infiltrating lymphocytes.
Conclusion
In this report, we present a case of MCTD-associated LIP. Future work is needed to investigate the actual prevalence, to elucidate the pathogenesis, and to determine the optimal treatment strategy, for this rare pulmonary presentation of MCTD.
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